Introduction {#sec1-1}
============

Shigellosis is a global public health problem. Epidemiological reports have shown that shigellosis is responsible for approximately 165 million cases annually, of which 98.8% are in developing countries.\[[@ref1]\] The primary mode of transmission of *Shigella* species is by direct contact with an infected person and fomites or by eating contaminated food and water. No individual is immune to shigellosis, but certain individuals are at increased risk. Children \<5 years of age contribute to nearly 69% of cases.\[[@ref2]\] In developing countries, majority of *Shigella* infections is due to endemic shigellosis. The diagnosis of shigellosis is made by culture isolation of *Shigella* from feces or rectal swabs. Intestinal infections with *Shigella* can be managed with rehydration; however, antibiotics have proven to reduce intensity, duration, and prevent lethal complications. Empiric antimicrobial therapy requires knowledge of the local antibiogram of circulating *Shigella* strains. Especially important is the awareness of the global emergence of multidrug-resistant (MDR) *Shigella*e, notably the increasing resistance to third-generation cephalosporins and fluoroquinolones and most recently to azithromycin.\[[@ref3][@ref4]\]

To our knowledge, no reports exist regarding the antibiotic resistance pattern of *Shigella* isolates in Kerala. This study was carried out to find the *Shigella* serotypes, common age group affected and antimicrobial resistance pattern of *Shigella* isolates in our region.

Materials and Methods {#sec1-2}
=====================

A retrospective analysis was done on *Shigella* strains isolated from stool culture of patients with diarrhea and dysentery attending our hospital from January 2011 to December 2016. The study was conducted in clinical microbiology laboratory at a tertiary healthcare teaching hospital. The ethical committee of the institute approved the study.

A total of 1585 freshly collected stool samples received in the laboratory were inoculated on MacConkey agar (MA)/deoxycholate citrate agar (DCA), bile salt agar, and selenite F broth without delay for isolating *Salmonella* and *Shigella*.\[[@ref5]\] Alkaline peptone water broth was used in suspected cases of cholera. The inoculated plates were incubated at 37°C and examined after 24 h. Subcultures were done from selenite F broth on MA/DCA and from APW broth on bile salt agar. Nonlactose fermenting colonies were identified by standard biochemical tests and serologically confirmed by commercially available polyvalent antisera (Denka Seikan, Japan). The antibiotic susceptibility testing was done by Kirby-Bauer disc diffusion method on Mueller-Hinton agar (HIMEDIA) as per the Clinical and Laboratory Standards Institute (CLSI) guidelines. The antibiotics used were ampicillin, cotrimoxazole, ciprofloxacin, nalidixic acid, furazolidone, gentamicin, and ceftriaxone (Microexpress). MIC to the drugs were determined using Vitek 2. *Ecoli* ATCC 25922 was used for quality control in each batch. ESBL production was detected using CLSI phenotypic confirmatory test (cephalosporin/clavulanate combination disc test) and double disc diffusion test on MHA\[[@ref6]\] (HIMEDIA).

Results {#sec1-3}
=======

Of 1585 stool samples processed in the laboratory, *Shigella* was isolated from 48 cases (3%). *Shigella sonnei* was the predominant serotype *n* = 30 (62.5%) isolated followed by *Shigella flexneri* *n* = 18 (37.5%). Although all age groups are susceptible to *Shigella* infection, the common age group affected belonged to 0--5 years (56.25%) with male predominance.

Of 48 isolates, 44 (91.6%) isolates were found to be multidrug resistant. Eleven isolates were resistant to six of the seven antibiotics tested \[[Table 1](#T1){ref-type="table"}\].
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Multiple drug resistance pattern among *Shigella* species
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When comparing the resistance pattern of serotypes obtained, *S. sonnei* showed highest resistance to cotrimoxazole (96%), ciprofloxacin (90%), and almost 100% resistance to nalidixic acid. On the other hand, *S. flexneri* showed higher resistance to ampicillin (83.3%) than *S. sonnei* \[[Table 2](#T2){ref-type="table"}\].
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Antibiotic resistance pattern in *Shigella* isolates
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MIC of various drugs tested by VITEK2 were as follows; ciprofloxacin ≥4, nalidixic acid ≥32, cotrimoxazole ≥320, ampicillin ≥32, ceftriaxone ≥64.

Over the 5-year period, resistance of the isolates to ampicillin, cotrimoxazole, ciprofloxacin, and nalidixic acid increased from 35.7% to 81.25%, 57.1% to 100%, 57.1% to 100%, and 42.8% to 100%, respectively \[[Table 3](#T3){ref-type="table"}\].
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Percentage resistance of *Shigella* isolates to various antimicrobials from 2011 to 2016
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Discussion {#sec1-4}
==========

Our study highlights the importance of multidrug-resistant *Shigella* as an enteric pathogen in both children and adults. In the present study, the rate of isolation of *Shigella* species is 3%. This rate is similar to studies by Taneja *et al*.\[[@ref7]\] Higher rates of isolation have been reported by Nair *et al*. from Kolkata (6.1%).\[[@ref8]\] Overall isolation rates reported from the country vary from 3 to 6%.\[[@ref9]\]

In endemic regions of the developing countries, shigellosis is predominantly a pediatric disease. Although infectious diarrhea due to *Shigella* species is self-limiting in many cases, many experts believe that patients with positive stool cultures for *Shigella* species should be treated to shorten the duration of clinical symptoms and decrease fecal excretion of the organism to minimize transmission. Therefore, in children with suspected *Shigella* species infection, empiric antibiotic therapy is usually administered while awaiting for the stool culture and susceptibility results. Many patients often experience symptomatic relief even before the results are available. In our study, the age distribution of patients who were positive for *Shigella* ranged from 6 months to 65 years, with a mean age of 11.66 years ± 1.62 months. The most frequent age group affected belonged to 0--5 years (56.25%), followed by the age group 6--10 years (20.8%) \[[Table 5](#T5){ref-type="table"}\]. In literature, majority of *Shigella* isolates are from the pediatric population where 70% of infections occur in children \<15 years.\[[@ref10]\] In the present work, children accounted for 87.5% of *Shigella*-positive patients.
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Distribution of *Shigella* isolates during the 5-year period
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###### 

Age- and gender-wise distribution in *Shigella* infections
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*Shigella dysenteriae* and *S. flexneri* are the predominant species isolated in the tropics. Clinically, *S. dysenteriae* I is associated with large outbreaks and severe disease. *S. flexneri* is the most prevalent serogroup in other studies from India.\[[@ref11][@ref12][@ref13]\] The most common *Shigella* serotype obtained in our study was *S. sonnei* (62.5%). So far, there are no reports of such high incidence of *S. sonnei* reports from India. *S. sonnei* occur more frequently in industrialized countries with a milder course. The predominant species has shifted from *S. flexneri* to *S. sonnei* in Thailand, Vietnam, and Sri Lanka possibly due to improved socioeconomic developments in the country.\[[@ref14][@ref15]\] Our study substantiates such a scenario developing in southern regions of India also.

*Shigella* infections are commonly associated with poor sanitation and limited access to clean water. The rate of *Shigella* isolation was found to decrease from 2011 to 2013 \[[Table 4](#T4){ref-type="table"}\] which could be due to improved public health measures, whereas the isolation rates showed an increase in subsequent years. This may be due to lack of continuing efforts by health authorities to improve sanitation.

Antimicrobial therapy of *Shigella* infections hastens the clinical recovery, prevents complications, and stops the dissemination of the bacteria back into the community. Fluoroquinolones were recommended as the drug of choice by the WHO in1990.\[[@ref16]\] Ciprofloxacin proved to be highly effective in the treatment of shigellosis. The emergence of MDR *Shigella* is possibly due to overuse and misuse of this agent for diarrhea and urinary tract infections. The resistance rate of *Shigella* isolates to ciprofloxacin in our work came to be 85.4% \[[Table 2](#T2){ref-type="table"}\]. Another study from Kolkata reported 90% resistance to quinolones.\[[@ref17]\] Higher resistance rates have been reported from other parts of India also.\[[@ref18]\] Fluoroquinolones are thus no longer the preferred group of drugs for managing shigellosis in India.

Overall, 17.02% of *Shigella* isolates were found to be resistant to at least one of the third-generation cephalosporin tested, ceftriaxone and cefotaxime. Among the *S. sonnei* isolates, 20% were found to be resistant, whereas *S. flexneri* showed 11.76% resistance to either cefotaxime or ceftriaxone. Studies from Southeast Asia have reported the resistance of *Shigella* spp. to cephalosporins at 2.0%--5.2%.\[[@ref3][@ref17]\] However, there was a higher percentage of cephalosporin resistance (17.02%) in our study. A large multicenter study in eight Asian countries (Korea, Taiwan, Singapore, Thailand, Vietnam, Philippines, Hong Kong, and Sri Lanka) from 2001 to 2004 also observed increased resistance to ceftriaxone (5%) in *Shigella* isolates.\[[@ref3]\] The high resistance observed in our isolates may not reflect the true prevalence of cephalosporin resistance in *Shigella* sp. in the community, as ours is a tertiary care referral center that receives partially or completely treated cases.

Analysis of antibiotic susceptibility data shows a gradual increase in resistance pattern of ciprofloxacin from 57.1% to 100% during the 5-year period; fluctuating but persistent resistance to ampicillin; 35.7% to 81.25%. Cotrimoxazole and nalidixic acid also showed 100% resistance from 2014 to 2016 \[[Table 3](#T3){ref-type="table"}\]. Higher cotrimoxazole resistance compared to ampicillin was reported by Kumar *et al*. also.\[[@ref19]\] The isolates obtained also showed maximum resistance to nalidixic acid (100%). Similar resistance pattern was reported by Tejashree *et al*. and Nath and Saikia.\[[@ref20]\] Although ceftriaxone resistance was not detected in 2011, the resistance rate was found to be the same during 2015--2016 (33.3%). This fluctuating resistance to antimicrobials may be due to plasmid-mediated carriage of the resistance determinants within members of Enterobacteriaceae family. In our study, the isolates exhibited comparatively lower resistance to furazolidone (43.7%) and gentamicin (33.3%), which support the findings of the study by Taneja *et al*.

When the resistance rates of the serotypes were compared, *S. sonnei* strains were found to be more resistant than *S. flexneri* strains. Thus, MDR *S. sonnei* strains which were reported only in Israel, USA, and other developing countries,\[[@ref21]\] has emerged as the predominant serotype in our region. In this study, multiple drug resistance to as many as six antimicrobials were observed with 91.6% isolates being multidrug-resistant strains \[[Table 1](#T1){ref-type="table"}\]. Eight strains of multidrug-resistant *Shigella* (*S. sonnei n* = 6 and *S flexneri* *n* = 2) showed resistance to third-generation cephalosporins, ceftriaxone and cefotaxime. The MIC values obtained for ceftriaxone (VITEK 2) was also significantly high (MIC ≥ 64). Five isolates (*S. sonnei* *n* = 3 and *S. flexneri* *n* = 2) were phenotypically confirmed to be ESBL producers. We were not able to revive the other strains. All ceftriaxone-resistant isolates (*n* = 8) in our study were susceptible to piperacillin tazobactam, cefaperazonesulbactum, and imipenem. The first ESBL-producing ceftriaxone-resistant *S. sonnei* strain was isolated from a fecal sample of a child from Ho Chi Minh City, who had severe dysentery, in May 2007.\[[@ref22]\] ESBL-carrying *Shigella* are being increasingly reported from different parts of the world.\[[@ref23][@ref24]\] Of eight ceftriaxone-resistant cases, four were on ceftriaxone, which was stopped after 48 h of receiving antibiotic sensitivity report and managed symptomatically as the symptoms were mild. One case was discharged at request and lost to follow-up. The other three cases were discharged on cefixime (not included in sensitivity report). All the cases improved clinically on follow-up.

Since azithromycin is now recommended by the AAP as a therapeutic option for the treatment of *Shigella* species infections in children where the susceptibility of the isolate is unknown or is known to be resistant to ampicillin or cotrimoxazole, the need for clinically validated susceptibility breakpoints and data supporting its efficacy in both children and adults is critical. Moreover, there are currently no clearcut CLSI guidelines or susceptibility breakpoints for interpretation of azithromycin susceptibility for Gram-negative bacteria including *Shigella* species. There is only one other published study evaluating the efficacy of azithromycin for the treatment of shigellosis, which was conducted in seventy adult Bangladesh men.\[[@ref25]\] Further studies are needed to define the role of azithromycin in the treatment of bacterial diarrhea due to *Shigella* species.

Conclusion {#sec1-5}
==========

The study highlights on the prevalence of MDR *Shigella* in south Kerala with the predominant serogroup being *S. sonnei*. In milder cases, especially in children, choosing the optimal oral drug is a problem and should be based on local epidemiological data. The prescription of cefixime and ceftriaxone as empirical drugs leads to the emergence of ESBL-producing *Shigella* strains. Azithromycin and piperacillin tazobactam can become treatment options in treating MDR strains. Physicians should be aware of the high-antimicrobial resistance rates among *Shigella*. Continuous monitoring of MDR strains along with serotyping is very important to know the changing susceptibility pattern as well as cyclical changes of the serogroup in various regions of the country.
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